Abstract: Groundwater samples of bore wells (BW), open wells (OW), Hand Pumps (HP), lakes, falls and streams collected from different locations in Yercaud Taluk in Salem District, Tamil Nadu were analyzed for their physicochemical characteristics. The ground water samples were studied during pre-monsoon
Introduction
Groundwater is generally recognized to be good for human consumption and is used as a potential source of drinking water. Agricultural development, urbanization and industrialization are the major causes for all changes in the quality of water 1 . In order to meet the rising water needs, evaluation of water quality is important for allocation to various uses. Only during the last three decades of the twentieth century, the concern for water quality has been exceedingly felt so that, water quality has now acquired as much importance as water quantity 2 . According to WHO 3 , about 80% of all the diseases in human beings are caused by contaminated water. Once the groundwater is polluted, its quality cannot be renovated by stopping the pollutants from the source. It is therefore vital to regularly monitor the quality of groundwater. Groundwater pollution by heavy metals has
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Chem Sci Trans., 2012, 1(1), [139] [140] [141] [142] [143] [144] [145] [146] [147] [148] [149] been given much attention due to their low biodegradability and toxic effects 4, 5 . The water from the sources viz., streams, falls, lake, hand pump, open well and bore well are contaminated with domestic, agricultural and industrial wastes and likely to cause water related diseases 6 . Similarly, Bullard 7 inferred that polluted surface water always results in an unhealthy socio-economic environment. In this study, physicochemical parameters are determined to draw a conclusion on the quality of water whether it is good or unfit for drinking purpose.
Statistical analysis of physicochemical parameters of water has been reported from the different parts of World and India [8] [9] [10] [11] [12] . C. R. Ramakrishnaiah et al. 13 , have assessed the Water Quality Index for the Groundwater in Tumkur Taluk, Karnataka State, India. Linear correlation analysis study of drinking water quality data for Al-Mukalla city, Hadhramout, Yemen was carried out by Sami G. Daraigan et al., 14 and from this study they showed that all the physicochemical parameters of drinking water in Mukalla city are more or less correlated with each other. Papita Das Saha et al., 15 have assessed the water quality characteristics of River Ganga at Kolkata Region, India using water quality index and ANN simulation method 15 . Dadolahi -Sohrab et al.
16
. have studied the Water quality index as a simple indicator of watersheds pollution in southwestern part of Iran and from this study it is revealed that quality declined significantly during the dry season. So, an attempt is made to study the physicochemical parameters of water samples taken from Yercaud Taluk in Salem, Tamil Nadu, India. The main objectives of the study are • Collection of ground water samples from open wells, bore wells, hand pumps, streams, falls and lakes -Yercaud Taluk, Salem District, Tamil Nadu.
• Analysis of a few quality parameters viz., pH, Total alkalinity, Electrical conductivity, Total solids, Hardness, Fluoride etc., as recommended by World Health Organization.
• To establish the nature of the relationship between the water quality parameters using correlation analysis.
• Assessment of the water quality using water quality index (WQI).
Salient features of the study area
Salem District in Tamil Nadu, India is geographically situated between the North latitudes 11°14´ to 12°53´ and East longitudes 77 °44´ to 78° 50´ covering an area about 7905.38 square kilometers. On the Northern side, it is bounded by Dharmapuri District; on the Western side, it is bounded by Erode District; on the Eastern side, it is bounded by Viluppuram District and on the Southern side, it is bounded by Namakkal and Tiruchirappalli Districts. Salem District consists of nine Taluks viz., Attur, Edappadi, Gengavalli, Mettur, Omalur, Salem, Sangagiri and Yercaud. The present study area (Yercaud Taluk) is one of the nine taluks in Salem District.
Yercaud is a hill station situated in Salem District, Tamil Nadu. It is located in the Shervaroys range of hills in Eastern Ghats. The total extent of Yercaud Taluk is 382.67 km 2 , including reserve forest. It is situated at an altitude of 1515 meters (4970 ft) above the sea level. The yercaud range consists of achaean plutonic rocks of charnockite series and these have weathered into the rugged masses of hills. It is so named owing to the large quantity of trees categorized as a forest near the lake, the name signifying lake forest. A popular tourist destination, Yercaud is also called Jewel of the South. 
Experimental
The water samples were collected from bore wells (BW), open wells (OW), Hand Pumps (HP), lakes, falls and streams of Yercaud Taluk in Salem District, Tamil Nadu during premonsoon (June-July 2010) and post-monsoon (December 2010-January 2011) periods. Of the total 25 water samples, 4 were from bore wells, 5 were from hand pumps, 7 were from open wells, 5 were from falls, 2 were from streams and 2 were from lakes. The samples were collected in sterilized bottles and were analyzed just after the sampling. The analysis was carried out 18 for various physicochemical parameters such as temperature, pH, Electrical conductivity (EC), Total alkalinity (TA), Salinity (SAL), Calcium hardness (CH), Magnesium hardness (MH), Total hardness (TH), Total dissolved solids(TDS), Total suspended solids (TSS), Total solids (TS) and Fluoride content.
Methodology
The temperature of water samples was recorded on the spot using thermometer. pH meter (Systronics digital model 335) was used to determine the hydrogen ion concentration. The samples were analyzed for EC using conductivity meter. Total alkalinity (TA) was estimated by neutralizing with standard HCl acid. Salinity and total dissolved solids (TDS) were estimated using systronics water analyzer. Total hardness (TH) and calcium hardness (CH) as CaCO 3 were determined titrimetrically, using standard EDTA. The calculation of magnesium hardness (MH) was done by subtracting the CH from TH value. The fluoride was estimated by SPANDS [2-(p-sulphophenylazo) 1,8-dihydroxy-naphthalene -3,6 -disulphonic acid tri sodium salt), C 16 H 9 N 2 O 11 S 3 Na 3 ] colorimetric method 18 .
Statistical analysis
Statistical analysis was carried out using statistical package for social sciences (SPSSVersion 13). Statistical parameters viz., mean, SD, SE and correlation coefficient for physicochemical parameters. The mean and standard deviations are calculated to know the chemical parameters which are deviating from WHO standard. Correlation analysis measures the closeness of the relationship between chosen variables. If the correlation coefficient is nearer to +1 or -1, it shows the perfect linear relationship between the two variables. This way analysis attempts to establish the nature of the relationship between the water quality parameters.
Water quality index (WQI)
Water quality index 19 expresses overall water quality based on several water quality parameters. Water Quality Index is computed by the following formula 1 /S i ), S n and S i correspond to the WHO / ICMR standard value of the parameters. Quality rating (q) is calculated as Q ni = [(V actual -V ideal ) / (V standard -V ideal )] x 100, where q ni = quality rating of i th parameter for a total of n water samples, V actual = value of the water quality parameter obtained from the laboratory analysis, V standard = value of the water quality parameter obtained from the standard tables. V ideal for pH =7 and for the other parameters it is equivalent to zero.
Results and Discussion
Season-wise chemical compositions of 12 water samples of Yercaud Taluk, Salem District in the pre-monsoon and post-monsoon seasons are presented in Table 1 and Table 2 . Statistical summary of water samples in pre-monsoon and post-monsoon of Yercaud Taluk in Salem District, Tamil Nadu is shown in Table 3 . the pre-monsoon and post-monsoon seasons respectively. It is obvious that the samples collected from bore wells were found to have higher temperature than hand pumps, open wells, lakes and falls. The increase in temperature decreases the potability of water due to the unpleasant taste produced by CO 2 and other gases. Thus, the taste of sample differs from place to place 20 . The pH mean values of the water samples in the pre-monsoon and post-monsoon seasons were 7.29 and 7.05 respectively. This approves that the nature of ground water samples vary from slightly acidic to slightly alkaline. All the samples were registered with the pH values between 6.5 and 8. Most of the ground water samples of Yercaud Taluk were found to be hard (100-300 mg/L) as suggested by Sawyer and Mc Carty(1967) 22 . The ground water samples were observed with the 36% and 44% of moderately hard nature in the pre-monsoon season and 64% and 52% of hard nature in the post-monsoon season. The hard nature was converted to soft nature in the study area Nagalur (85.9 mg/L to 72.7 mg/L) thus revealed the change in the quality of soil when the water table gets raised in the post-monsoon season.
The TDS values of water samples were found within the desirable limit of WHO (i.e.) 500 mg/L. The total ground water samples of study area were registered with 100% belonging to fresh type (TDS<1000 mg/L) in both pre-monsoon and post-monsoon seasons as per TDS classification given by Fetter 23 .
The fluoride content of the samples varied from 0.2 mg/L to 1.7 mg/L and 0.15 mg/L to 1.6 mg/L in the pre-monsoon and post-monsoon respectively. Three viz., Chinna Mathur (BW), Mundagkadu (BW) and Yercaud 5 (BW) out of 25 samples in the pre-monsoon season and one (Chinna Mathur) out of 25 samples in the post-monsoon season have exceeded the permissible limit of 1.5 mg/L (WHO). As reported earlier 24 , the dissolution of fluoride bearing minerals may be contributing the high percentage of fluoride in water samples. In this attempt, the suitable conditions for the dissolution of CaF 2 in the potable water are slightly alkaline pH and moderate EC and being approved by the positive correlation value of F-CH (r=0.6663 in pre-monsoon; r = 0.5590 in post-monsoon). 9 samples out of 25, both in pre-monsoon season and post-monsoon season were observed with fluoride lesser than 0.5, the desirable limit of WHO. The comparison of fluoride concentration for Yercaud Taluk in pre-monsoon & postmonsoon seasons reveals that, in general, fluoride ion concentration decreases in postmonsoon as compared to pre-monsoon due to increase in water table. Especially higher concentrations of fluoride were observed in bore well and hand pump water 25 . It was found that the bore well and hand pump water samples (4 bore well water samples and 5 hand pump water samples) contain more fluoride than the open well, lake, falls and stream samples. This is due to the increase in depth, the temperature increases and hence more fluoride gets dissolved from rocks.
The Karl pearson correlation matrix calculated for the water quality parameters is displayed in Table 4 and Table 5 . The parameters, highly interrelated with each other, are EC -Salinity: 0.8442; EC-TDS: 0.8799 and Salinity-TDS: 0.9876. The values account for greater percentage of TDS. In pre-monsoon season and post-monsoon season, the influence of CH on EC, Salinity and TDS were also observed with significantly positive correlation. The correlation of fluoride with calcium in pre-monsoon has been found with higher positive r value (0.6663) than in post-monsoon (0.5590). The parameters F-EC; F-Salinity and F-TDS were positively correlated. In both the seasons, pre-monsoon and post-monsoon, the values indicate the association of calcium with bicarbonate, carbonate and fluoride. 
Conclusion
The present study was confined to Yercaud Taluk. The pH of water samples vary from slightly acidic to slightly alkaline. The influence of rain fall on the carbonate and bicarbonate ions of water samples was observed. The water samples were found to be moderately hard (36% in pre-monsoon and 44% in post-monsoon) and hard nature (64% in pre-monsoon and 52% in post-monsoon). The study reveals that all the villages have hardness within the desirable limit prescribed by WHO. The TDS values of total water samples of study area have been registered with 100% belonging to fresh type in both premonsoon and post-monsoon seasons. In the areas where the fluoride content of water is more than the permissible limit of 1.5 mg/L (WHO) defluoridation has to be done and supplied to the children and public. The rate of accumulation of fluoride in the human body can be reduced by calcium and phosphorous rich food 26 . The children and people those, who were affected by dental fluorosis, are to be recommended to take nutritional diet. As an essential nutrient in drinking water, Fluoride promotes dental health if it is between 0.5 -1.5 mg/L. But when it exceeds 1.5 mg/L, it causes dental fluorosis. In the areas where the fluoride content of water is lower than the desirable limit of 0.5 mg/L (WHO) fluoridation has to be done and supplied to the children and public. It was found that the bore well and hand pump water samples (4 bore well water samples and 5 hand pump water samples) contain more fluoride than the open well, lake, falls and stream samples. From the Karl-Pearson correlation matrix, good correlation is observed between the parameters EC and Salinity, TDS, TSS, TS and also between CH and TH, TDS. The poor correlation is observed for TSS and other parameters except EC in pre-monsoon season. WQI has been registered about 32% and 48% under the excellent category (WQI < 25) and 40% and 36% under good category (WQI = 25-50). About 20% and 16% of water samples are poor in quality (WQI=51-75) during pre-monsoon and post-monsoon seasons. 8% of water samples are very poor during pre-monsoon season.
